The presence of high concentrations of lysozyme in the stools of patients with ulcerative colitis has been demonstrated by a number of observers. It has been suggested that this enzyme may play a fundamental role in causing destruction of the colonic mucosa. Recent observations, showing that a high concentration of lysozyme is present also in granulation tissue and in leukocytes, have cast doubt on this hypothesis and suggest that the large amount of the enzyme in the feces of patients with ulcerative colitis is a result rather than a cause of the inflammatory process.
(Submitted for publication February 9, 1952 ; accepted May 12, 1952) The presence of high concentrations of lysozyme in the stools of patients with ulcerative colitis has been demonstrated by a number of observers. It has been suggested that this enzyme may play a fundamental role in causing destruction of the colonic mucosa. Recent observations, showing that a high concentration of lysozyme is present also in granulation tissue and in leukocytes, have cast doubt on this hypothesis and suggest that the large amount of the enzyme in the feces of patients with ulcerative colitis is a result rather than a cause of the inflammatory process.
The present report summarizes a series of studies designed to elucidate the source of lysozyme in the stools in ulcerative colitis. Our observations lead us to believe that the enzyme content of the feces is derived predominantly from the white blood cells present in the intestinal wall and stools in this disease.
REVIEW OF LITERATURE
In 1922 Fleming (1) drew attention to a powerful bacteriolytic agent, which he named "Lysozyme," present in many body tissues and secretions of man and animals. He noted the high levels of this enzyme in tears, nasal secretion, egg white and leukocytes. Since then, many investigators have helped to clarify the nature of this enzyme, and it is now known to be a protein of low molecular weight capable of depolymerizing certain muco-polysaccharides. Meyer and Hahnel (2) contributed much toward the fundamental knowledge of this enzyme and devised an excellent viscosimetric technique for its quantitation in tissues and secretions, using as a substrate a mucopolysaccharide obtained from the micrococcus lyso- The original hope of the early investigators that lysozyme might be used as a therapeutic agent was dispelled by the finding that lysozyme had very little lytic action against pathogens (3). In 1948, Meyer and his associates (4) noted an increased amount of lysozyme in the stools of patients with intestinal ulcerative disease, i.e., regional ileitis and ulcerative colitis. They suspected that lysozyme played a primary role in the etiology of these diseases by removing the protective mucous lining of the gut, thus subjecting the mucous membrane to bacterial and/or enzymatic damage. Initial studies of instilling lysozyme into the intact or isolated portions of the gut of a dog, resulting in superficial ulcerations, seemed to confirm this point of view. However, the amount of lysozyme used was very large, and subsequent investigators, although confirming these observations, disagreed with the interpretation and extent of pathology (5) . Also, it appeared unlikely that lysozyme had any effect on the mucus in the gut since the mucus could not be depolymerized in sitro (6) .
It has been demonstrated conclusively by recent investigations that the titre of fecal lysozyme in patients with ulcerative colitis closely parallels the clinical course, in that the lysozyme titre rises with exacerbations and falls with remissions. Gray, Reifenstein, Benson, and Young (7) (9, 10) ; however, the importance of this in ulcerative colitis was largely overlooked. In 1950, Sammons (10) suggested that "pus cells" were responsible for some of the lysozyme content of the stools of patients with ulcerative colitis, but he offered no clear-cut proof. Also in 1950 Gottschall, Pickering and Tabachnik (11) , working in this laboratory, demonstrated clearly that lysozyme was to be found only in the granulocyte series (polymorphonuclear leukocytes, eosinophils in circulating blood and exudate) and again drew attention to the large numbers of granulocytes found in the stools of ulcerative colitis patients. PRESENT 
STUDIES
We have attempted to correlate the number of granulocytes seen in microscopic examination of the stools in ulcerative colitis with the lysozyme titres, but no accurate correlation was possible because of cellular breakdown, making cell types unrecognizable. Therefore, we resorted to obtaining the specimens from the wall of the rectum by scraping with a blunt scoop during proctoscopic examination. When this material is stained by Wright's method, the cells are more recognizable and a rough correlation can be made between the number of granulocytes and lysozyme titre.
An observation not heretofore recorded was the high lysozyme titre found in the lining mucus of patients in complete clinical remissions from ulcerative colitis. Seventeen such determinations in 17 patients ranged from 69 to 310 units per cubic milliliter, with an average of 150. One patient in remission while still receiving cortisone had a lysozyme titre of 150 units per cubic milliliter. In another patient with a rectal polyp and a normal colon, no lysozyme was found in the mucus removed from the rectal wall and no granulocytes were seen on microscopic examination. Microscopic examination of all specimens removed from patients with ulcerative colitis in remission uniformly revealed vast numbers of granulocytes.
However, the correlation of granulocytes and lysozyme does not completely answer the fundamental question of lysozyme source, since it is theoretically possible that the mucous membrane of the colon secretes lysozyme as a result of the same underlying mechanism that elicits a leukocytic response. The correlation of granulocytes and lysozyme also has the objectionable feature of being subject to interpretive error.
A new method was adopted in an attempt to overcome these deficiencies. It had been observed microscopically that most of the white cells in the material obtained by scraping the rectal mucous membrane were imbedded in the mucus from which they could not be separated by physical means. Shaking this combination of mucus and exudate with saline, centrifuging and determining the lysozyme content of the supernatant fluid always yielded negative results, while the residue of mucus and cells was always quite high in lysozyme content. In order to determine the exact source of lysozyme, the mucus had to be separated from the cells, and to do this, a supply of mucinase which had been extracted from the Vibrio cholera was used. When this was first added to a saline suspension of mucus and cells obtained from a patient with ulcerative colitis and then incubated, the mucus lost its physical property of tenacity and could no longer be identified grossly. After centrifuging this specimen, it was found that for the first time, lysozyme appeared in the supernatant fluid as well as in the cellular residue, sometimes in almost equal amounts. The lysozyme in the supernatant portion could be from only two possible sources, the mucus itself or lysozyme left in active form after dissolution of the white cells. The exact source of lysozyme was not determined until a patient with an isolated loop of large intestine, which was completely detached from the fecal stream but in which there was active ulcerative colitis, was studied. It was possible to instill fluid in the proximal end of this isolated loop and obtain it from the distal end.
Theoretically, if the total source of the lysozyme were the invading granulocyte which leaves lysozyme in active form after dissolution of the cell body, the first washing of the gut loop after a long period of rest should show a significant titre of free lysozyme, which would appear in the supernatant fluid after depolymerization of the mucus and centrifugation. With a short period of rest, the lysozyme should be found only with the intact granulocytes in the residue of the centrifuged and depolymerized specimen. Confirmation of this theoretical possibility was determined as follows:
Method
The isolated loop of colon of the patient mentioned above, after a 24-hour period of rest, was irrigated with 40 ml. of normal saline (Table I, Specimen A). A second time, ten minutes later, the loop was again irrigated (Specimen B), and a third irrigation was done after another ten minutes (Specimen C). Each specimen was mixed vigorously and a 6 ml. aliquot taken. Mucinase powder was added to each aliquot and incubated until the solution was homogeneous and no more mucus could be demonstrated on the stirring rod. Each specimen was centrifuged for five minutes at high speed and 1 ml. of supernatant fluid removed for microscopic study and lysozyme determination. A microscopic study and lysozyme titre was then done on the residue of each specimen after discarding the remaining supernatant fluid.
Results
Microscopically: No cells were present in supernatant fluid of Specimen A, B, or C. In the residues of each, there were many packed leukocytes, predominantly granulocytes. In Specimen A, many of these cells were in the process of dissolution. In the residues of Specimens B and C, the cells were intact.
Lysozyme titre: In Specimen A, lysozyme was found in high titres in both the supernatant and cellular residue. In Specimens B and C, lysozyme was found in significant quantities only in the cellular residue. Repeating the experiment yielded essentially the same result.
Controls: Mucinase incubated with granulocytes had no appreciable effect. Mucinase did not depolymerize the substrate used in the lysozyme determination.
Thus to our satisfaction, the source of at least the major portion of the lysozyme found in the stools of one patient with ulcerative colitis was found to be the invading granulocyte which left lysozyme in active form after cellular breakdown.
We then turned our attention to the lysozyme Accuracy: Because of the great number of possible sources of error, the utmost precautions were taken, particularly in the obtaining of the granulocyte count from the total leukocyte count and differential. In four duplicate experiments, the range of difference was 12%o (Table II) . In spite of this large factor of error, it is obvious that the lysozyme titre in the granulocyte of normal individuals has a great deal of variation, the lowest being 4.0 units per 107 granulocytes and the highest being 12 units per 107 granulocytes. There is also a fluctuation from day to day in one individual although only over a range of plus or minus 4 units.
In the disease states studied, the average unit of lysozyme per 107 granulocytes was approximately the same as in normal controls. This was true even of disease associated with a tremendous daily loss of granulocytes.
Sympathomimetic agents (adrenalin) and parasympathomimetic agents (mecholyl) did not alter the titre of lysozyme in the granulocytes of one normal adult. This was shown by giving a large dose of each drug, and 20 minutes later determining the lysozyme titre of the granulocytes.
Normal In two separate experiments, the lysozyme added was almost completely recovered in the supernatant plasma, and the concentration of lysozyme in the packed cells of the control tube was essentially the same as that in the experimental tube. A third experiment was run, substituting a diluted solution of human tears for egg-white lysozyme solution, and similar results were obtained. It was apparent then, under the conditions of our experiments, that living leukocytes do not pick up lysozyme from the surrounding medium of plasma.
DISCUSSION
The high concentration of lysozyme which is present in the colonic exudate in patients with ulcerative colitis has been correlated in the present studies with the presence of large numbers of granulocytes. When steps were taken to separate the leukocytes from the mucus in such exudate, it was found that the mucus fraction was devoid of lysozyme activity unless considerable autolysis of the white cells had occurred. With degradation of the white cells, lysozyme in active form remained present in the surrounding medium. It seems clear, therefore, that the high concentration of lysozyme which is found in the stools of patients with ulcerative colitis is derived from granulocytes.
In the present investigation it has also been shown that substantial quantities of lysozyme are present in the circulating granulocytes of both normal and diseased individuals, in confirmation of the previous work of Gottschall and others. It appears, therefore, that the lysozyme in the feces in ulcerative colitis is derived primarily from the circulatory granulocyte.
Theoretically, it seemed possible that the granulocyte might absorb lysozyme from some external source. In vitro studies with suspensions of lysozyme, both egg-white and human, and granulocytes failed to yield any evidence that such absorption did occur. This possibility, therefore, appears unlikely. 0 It was of interest that the colonic exudate of patients with ulcerative colitis in symptomatic remission contained large quantities of leukocytes and large amounts of lysozyme. All of the patients who were subjected to this study continued to present gross evidence of inflammation of the rectum on proctoscopic examination. Further studies of this type on individuals in symptomatic remission, with proctoscopic findings which have reverted to a normal picture, seem indicated.
Our studies do not conclusively solve the question of a destructive action of lysozyme on colonic mucosa which might contribute to the perpetuation of inflammatory changes in the colon in ulcerative colitis. The possibility remains that this enzyme may contribute to the continuation of the inflammatory process. The weight of evidence, however, supports the view that the lysozyme in the bowel is only a manifestation of the extent of leukocytic infiltration. SUMMARY 1. The primary source of the lysozyme found in the stools of patients with ulcerative colitis is the invading granulocyte.
2. The lysozyme remains in active form following dissolution of the white cell body.
3. The lysozyme titre of the lining mucus obtained from the rectum in patients with ulcerative colitis remains high in spite of complete symptomatic remission of the disease.
4. The average lysozyme content of the granulocyte is 8 units per 107 cells with considerable individual variation and slight daily variation in the same individual.
5. Administration of sympathomimetic (adrenalin) and parasympathomimetic (mecholyl) drugs did not alter the lysozyme content of the granulocyte.
6. The granulocyte has no capacity to pick up human or egg-white lysozyme from a surrounding medium of plasma.
